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ADDITIVE BLENDS FOR POLYMERIC 
MATERIALS ' 

This is a continuation, of application Ser. No. 
157,687, ?led June 9, 1980, now abandoned which in 
turn is a division of application Ser. No. 916,733, ?led 
June 19, 1978, now U.S. Pat. No. 4,238,384. 

This invention relates to a method of incorporating 
additives in thermoplastic organic polymers. More par 
ticularly, it relates to an improvement whereby the 
distribution of an additive in a thermoplastic polymer 
can be monitored so that, if desired, adjustments can be 
made in the processing parameters to achieve the de 
sired uniformity of distribution and/or the desired con 
centration of additive in the polymer. 

It is known to disperse additives, such as stabilizers 
and lubricants, in organic polymers by melt blending 
the additives and the polymer on a roll mill or in a 
Banbury mixer. The additives can be added directly to 
and mixed with molten polymer or, in a preferred 
method, the additives and the polymer, in particulate 
form, are ?rst brought together and blended in the solid 
state and then heated to render one or more of the com 
ponents, especially the polymer, molten for melt blend 
ing. It can happen,'however, that the rate of feed of the 
polymer or one or more of the additives is improper or 
that the extent of mixing in either the solid or molten 
state is insuf?cient, with the result that portions of the 
polymer receive too much or not enough additive. 
Those portions with insuf?cient additive may not be 
able to withstand the conditions of further processing or 
the conditions to which they will be subjected in their 
?nal fabricated form. Those portions with too much 
additive may also be deleteriously affected, as by odor, 
color or mechanical weakening. - 

Because they are used in such small amounts and/or 
are difficult to analyze because of the similarities of 
their chemical nature, it has been difficult to determine 
whether additives have been dispersed with the desired 
uniformity or whether a given sample of polymer con 
tains the desired concentration of additives. The present 
invention provides the means and the method for mak 
ing this determination more easily, more rapidly, and 
more reliably. 

In accordance with the present invention, a thermo 
plastic organic polymeric material is mixed with a com 
position comprising a uniform blend of one or more 
additives and an indicator substance which gives a de 
tectable response to irradiation in the presence of the 
additive(s) and at least a portion of the thus-treated 
polymeric material is subjected to irradiation to which 
said substance is responsive, so that by observation of 
the presence or absence of a response or, preferably, the 
magnitude thereof, it can be determined whether or not 
the desired blend of additive and substance is present in 
said portion. 
The additives with which the advantages of the pres 

ent invention can be realized are those which are nor 
mally solid at room temperature and include the usual 
anti-oxidants, stabilizers, lubricants, ?ameproofing 
agents, slip agents, anti-blocking agents, anti-static 
agents, etc., which are conventionally used. For pur 
poses of the present invention, the particular chemical 
identity of the additive is not important.‘ However, as 
will be discussed more fully below, physical character 
istics, particularly the melting point, may be signi?cant. 
Typical examples of suitable additives are listed in the 
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2 
Modern Plastics Encyclopedia, 
655-709. . 

The indicator substance should be compatible with 
the additive(s) and the polymeric materials in the sense 
of not exuding therefrom and should be stable under the 
processing conditions to which it will be subjected and 
must not introduce any characteristics into the polymer 
product that are not desired. It must also be detectable 
in the presence of the additive(s) with which it is em 
ployed, either visually or instrumentally, by its response 
to irradiation, following incorporation in the molten 
organic polymer. Preferably, it is also detectable while 
in intimate contact with the additive(s) before being 
dispersed in the molten polymer, i.e. when merely ad 
mixed with the additive(s) and/or when further ad 
mixed with solid polymer particles prior to molding or 
extrusion. Thus, in its broader aspects, the present in 
vention contemplates the use of any compound which 
meets the aforementioned criteria, particularly those 
which absorb ultraviolet light in the range 300 to 420 
preferably 350 to 400 nanometers and ?uoresce in the 
range of 400 to 700, preferably 420 to 490 nanometers. 
As will be appreciated, some of the additives contem 

plated above meet the aforementioned criteria for the 
indicator substance. However, they do not fluoresce 
with sufficient intensity to be reliable self-indicators in 
most instances. For example, variations in the degree of 
crystallinity of the thermoplastic polymer may cause 
variations in ?uorescence which could interfere with 
the ?uorescence of the indicator. Moreover, the pres 
ence of other U.V. absorbing additives may also cause 
errors in interpretation. Accordingly, the preferred 
indicator substances are those which exhibit a high 
enough ?uorescence intensity to overcome any interfer 
ence by any other U.V. absorbing materials which may 
be present. Such preferred indicators are those which, 
at room temperature, have a log ?uorescence intensity 
23 at a concentration of 1 ppm in a solvent mixture of 
diethylether, isopentane, ethanol and chloroform in a 
volume ratio of 75:75:30z20. This can be determined by 
measuring the ?uorescence at the wavelengths of maxi 
mum excitation and emission using an Aminco-Bowman 
spectro?uorimeter with a potted RCA IP28 photomul 
tiplier tube and a Bryans 21000 X-Y recorder, as de 
scribed by Kirkbright, Narayanaswamy and West, Anal. 
Chim. Acta. 52 (1970) 237-246. 
Compounds which are useful as optical brighteners 

are particularly suitable as indicators. Such compounds 
include the various 3-phenyl coumarin, stilbene, pyr 
azole, polyphenylene, triazole and styrene derivatives 
as well as numerous other compounds having the conju 
gated unsaturation which characterizes optical bright 
eners. Suitable compounds are disclosed in the follow 
ing U.S. Pat. Nos. 2,983,686; 3,288,801; 3,288,804; 
3,453,268; 3,485,831; 3,635,959; 3,637,672; 3,682,946; 
3,689,425; 3,732,221; 3,784,570; 3,798,231; 3,821,240; 
3,880,841; 3,891,632 and 3,940,388, as well as many 
others. 
While ?uorescent compounds are preferred as the 

indicator substance, the invention contemplates the 
utilization of substances giving other measurable re 
sponses to irradiation, such as infra-red absorption or 
re?ectance. Enough indicator should be used so that 
when it is diluted with additive and polymer it will still 
give off a readily detectable response to irradiation in 
the ?nal product. On the other hand, care should be 
taken to avoid using such excessive amounts as to ad 
versely affect the properties of the ?nal product. Gener 
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ally, the amount of indicator will be in the range 0.01 to 
100, preferably 0.1 to 50 parts per million, based on the 
total weight of polymer in which it is to be ultimately 
dispersed. More preferably, the amount used will be in 
the range 1 to 10, especially 3 to 5, parts per million. 

It is important that the mixture of additive(s) and 
indicator substance be uniform when it is added to the 
polymer so that the presence of indicator in a portion‘ of 
polymer can be relied on to assure the simultaneous 
presence of additive in the same portion. In order to 
prevent possible separation of the components during 
handling or transit, it is preferred to form he mixture by 
bringing the components ‘ together under conditions 
whereby they become cohesive. This can be accom 
plished by melt blending the additive(s) and the indica 
tor substance and then converting the molten mass to 
?nely divided solid particulate form. Exactly how this is 
achieved will depend on the melting points of the vari 
ous components. in some instances all of the compo 
nents may be melted by heating above the melting point 
of the highest melting component or above the eutectic 
melting point. in another procedure the blend of ad 
ditive(s) and indicator substance is heated to the temper 
ature at which the component with the highest melting 
point dissolves in the others. Also, an additive may be 
melted while the indicator substance remains in solid 
form and becomes uniformly dispersed throughout the 
molten additive. Where more than one additive is em 
ployed, they are preferably, but not necessarily, all 
rendered molten. The melting point of any additive to 
be melted in forming any of the blends of this invention 
should, of course, be below the decomposition tempera 
ture of any other material with which it is to be melt 
blended. it should not be so low, however, that the 
particles of blended materials become tacky near tem 
peratures at which they would be stored or transported. 
Preferably, the additives are chosen such that they and 
their mixtures with one another and with the indicator 
substance will melt above about 40° C. 
As the indicator substance is usually used in relatively 

small quantities, it does not normally form the sole 
molten phase of the melt blending step. However, it is 
within the contemplation of the present invention to 
have the indicator substance in molten form to either 
blend with the molten additives or to form a coating on 
solid particles of additives. 
Following the melt blending step, the melt is con 

verted to solid particles comprising additive(s) and indi 
cator substance uniformly distributed and adhering to 
one another (cohesive blend). Preferably, the solid par 
ticles have a mesh size smaller than 20 US. mesh when 
added to the polymer. Most preferably, the particle size 
is between 80 and 20 US. mesh (180 to 841 microns). If 
the particular method by which the blend is formed 
does not result in such a product, this can be accom 
plished by conventional means, such as grinding, ball 
milling, spray chilling or extruding into strands that are 
cut into pellets. Methods which result in a more or less 
spherically shaped particle are preferred. 
Where one or more of the components remains in 

solid form during the melt blending step, it is desirable 
that the temperature of the melt be fairly close to its 
freezing point when blending is terminated and the melt 
is allowed to solidify, as is done where grinding or ball 
milling is to be employed to form the particles of 
blended material. Preferably, the melt will have taken 
on a somewhat viscous character before the mixing is 
dicontinued. This is to prevent any signi?cant degree of 
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4 
settling of any component before solidi?cation of the 
blended mixture takes place. The exact temperature at 
which blending can be discontinued will depend on 
how rapidly the molten mixture will be able to solidify 
and this, in turn, will depend on the temperature at 
which it is cooled and also the amount of surface which 
is allowed by the particular receptical in which cooling 
is effected. In general, the temperature of the molten 
mixture when blending is terminated, should be high 
enough so that it can, if necessary, be poured from the 
vessel in which it has been blended, yet low enough so 
that its viscosity will inhibit settling of any solid parti 
cles, i.e. about 5° to about 20° C. above its freezing 
point. 

In melt blending the additive-(s) and indicator sub 
stance, it is not critical whether the components are in 
solid or molten form when they are first brought to 
gether. The components may be dry-blended before any 
of them is melted. 
The additive-indicator blends may also be produced 

by dissolving one or more of the components in a sol 
vent and removing the solvent by evaporation after 
thorough mixing of the dissolved components and any 
undissolved component, which latter should not exceed 
one in number. The particular solvent or mixture of 
solvents used is not critical. Depending on the ad 
ditive(s) and indicator employed, selection of a solvent 
is routine, particularly since most product literature 
speci?es suitable solvents. 
The preferred additive-indicator blends are those in 

which the components are in cohesive relationship to 
one another and the indicator substance is a compound 
useful as an optical brightener having the above-speci 
?ed absorption, fluorescence and log fluorescence in 
tensity. They are believed to be novel. 
The polymers in which the afore—described blends are 

incorporated include any thermoplastic organic poly 
mer which can be processed at temperatures below the 
decomposition temperatures of any blend components, 
such as polyamides, polyurethanes, polyacrylates, ABS 
copolymers and, particularly, polystyrenes, polycar 
bonates, polyvinyl chloride, polyesters (e.g., polyethyl 
ene terephthalate), synthetic rubber, most especially 
polyole?ns of both high and low density, such as poly 
ethylene and polypropylene and their copolymers. 
The additive-indicator blend is incorporated in the 

polymer in the same manner in which additives are 
usually added to thermoplastic polymers. Preferably, 
the solid particulate blend and the polymer, also in solid 
particulate form, are dry blended and then rendered 
molten and molded into a desired shape. 
The amount of blend employed will be that amount 

necessary to give the concentration of additive in the 
polymer which would normally be used if the additive 
were being added in its conventional form. That amount 
will, of course, depend on whether it is desired to 
achieve the final concentration immediately or to pro 
duce an additive-polymer concentrate which can be 
diluted later with more polymer. 

Because of the uniform and preferably cohesive char 
acter of the additive-indicator blend when it is added to 
the polymer, the presence of indicator in a sample por 
tion of the processed polymer assures the essentially 
identical distribution of additive in that portion. While 
some small degree of separation of the additive(s) and 
indicator substance may occur in the molten polymer, 
this is not sufficient to detract from the reliability of 
method. By knowing the proportion of indicator in the 
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blend, the proportion of additive in the sample can be 
immediately determined. For example, if 2 grams of 
. . . . . CH CH 

indicator are blended with 98 grams of additive, the 3 3 

presence of indicator in a sample assures the presence H C_©_0 P_©_©_P O_©_CH ' also of additive in an amount 49 times that of the indica- 5 ( 3 q): ‘<- 3” 
tor. Thus, even by a simple visual inspection under 
ultraviolet light of a sample portion from a polymer are heated to melting (m.p. 82°—87°). To this are added 
hatch to which the blend has been added’ it can he with stirring 4-9 parts of an anti-oxidant of the formula 
determined from the presence or absence of ?uores 
cence or from the intensity of the ?uorescence whether 10 
the additive was distributed into that portion of the 

. . C(CH3)3 polymer batch and the relative proportion thereof. 
The availability of a wide range of ?uorescence spec- h) 

trophotometers makes quantitative measurements possi- c CHZ~O—-C—CH2CH2 OH 
ble. Such instruments as the Hunter Reflectometer 15 
Model D25 and the Farrand Fluorometer Model A4 are 
suitable examples, but there are numerous others with C(CH:)3 
which the art is quite familiar. - 
The degree of whiteness of a polymer sample will 

vary directly with the concentration of ?uorescent 20 
compound which it contains. For each combination of a 
particular polymer and a particular additive-indicator 
blend, a standard calibration curve can be established 
which gives the instrument readings, i.e., whiteness 
degrees, for a series of different concentrations of the 25 
blend in the polymer. During a subsequent production 
run using the same polymer and blend in a particular 
proportion, the operator takes a reading on a portion of 
the polymer-blend mixture at some stage of its process 
ing and compares that reading with the whiteness value 30 
on the calibration curve for that particular concentra 
tion. If the reading is too high or too low, it indicates 
that an excessive or ih§uf?°ieht amefuht ofih‘fheator end and vigorous stirring is continued until the brightener is 
hence a coniefe’poildmgly ‘excesslve 9r msuf?clent homogeneously dispersed therein (approximately 45 
amount .of additwe 18 present m the p.01- non tested’ and 35 minutes). With the temperature at about 85°, stirring is 
appropriate adjustments can be made in the feed rates or discontinued and the molten blend is immcdiatel 
in the blending operation to either adjust the propor- . . . y 
tions of polymer and additive-indicator blend or to poured Into a Shallow pan and el-rlpwe‘? to soh‘ilfy at 
effect more uniform distribution. Using a different type room temperaufre arid the resulting Sohd block 15 ban 
of irradiation-responsive indicator substance and an 40 milled to a pal'hele SlZe "1 the range 30 to 20 mesh 
appropriate measuring apparatus, similar results can be 

4 

and heating is increased until the second compound 
melts (m.p. ll7°—125° C.) To the molten mixture is 
added 2 parts of an optical brightener of the formula 

achieved. . B 

The analysis may be carried out at various stages of In a closed cylindrical vessel on a two roll mill 5 parts 
Processing Primarily, it is contemplated that the prod‘- of the solid particulate blend prepared according to Part 
uct extruded or otherwise molded‘from thepolylflerie 45 A and 95 parts of low density polyethylene powder are 
matenal W111 be analyzed to determme the “mfonmty of mixed for 30 minutes. This solid mixture is then heated 
distribution of the indicator and add1t1ve(s) there- at 120a in the Same 'cantainer on a heated two {on mill 
through. As a preliminary check, the dry-blended mix- . . ‘ . 
ture of polymer and additivedndicator particles may be for 12 hours, so that the blend 1s thoroughly dispersed in 
tested to determine the uniformity of the distribution of 50 the molten polymer‘ This Concentrate c°nta_mm_g 0'1?’ 
indicator-containing particles throughout the mixture. bnghtener’ 245% stahlhzer arfd 245% antl'oxldam ‘S 
As a still further check, the additive-indicator blend then allowed '50 sohdlfy and 1S ground to a Powder 
may be tested to ascertain the uniformity of distribution Various quantities of this concentrate Powder are the“ 
of the indicator throughout the additive. Depending on further diluted and blended with 100 part portions of 
the number of mixing stages in the overall process, 55 low density polyethylene to produce sample mixtures 
additional analysis can be carried out. Moreover, the containing 000019;,’ Q_QQ05%, 0_001%, 0.002%, (10059;, 
appropriate ihstrmhentation can he included 515 Part of and 0.01% brightener and the proportionate amounts of 
,the PIQCBSSmg ecimphlem t? Prowde for °9ntmu0us 9r stabilizer and anti~oxidant. Each of the sample mixtures 
intermittent on-lme inspectlon, so that adjustments in is m 01 de d at 100° C‘ under 20,000 psi to form a ?lm 
iiiciliégtes and blendmg can be made promptly when 60 Each ?lm is tested with a Hunter Re?ectometer Model 

The following examples illustrate the invention. Parts D25 to measum Whlteness’ wlth the following results: 
and percentages are by weight, and temperatures are in 
degrees centigrade, unless otherwise speci?ed. Brightener 

EXAMPLE 1 65 Concentration 0.0001 0.0005 0.001 0.002 0.005 0.01 

AWw 6 17.5 25.5 32.8 42.5 46 In a vessel equipped with a stirrer, 49 parts of a stabi 
lizer of the formula 



Five parts of the stabilizer-brightener blend prepared 
in Step A and 19995 parts of the low density polyethyl 
ene powder are thoroughly mixed in a ribbon blender. 
Based on its total weight, the resulting mixture contains 
0.0005% brightener. To determine whether the bright 
ener and, therefore, the stabilizers with which it has 
been blended are uniformly distributed throughout the 
polymer powder, a sample thereof is tested with the 
Hunter Re?ectometer. A AWwof 17.5 indicates that the 
proper degree of distribution has been achieved. 
The uniform blend of polymer, additives and bright 

eners is then passed to a melt extruder for formation into 
ribbons or pellets. A portion of the extruded product is 
analyzed with the Reflectometer and a reading of 17.5 
again indicates that the tested portion contains the de 
sired amount of indicator and, therefore, also contains 
the desired 0.0l22% of each additive. 

EXAMPLE 2 

The procedure of Step A of Example 1 is repeated, 
except that the optical brightener is added prior to the 
antioxidant. This sequence provides more efficient dis 
persal of the optical brightener throughout the molten 
blend of additives. 

EXAMPLE 3 

The procedure of Example 1 is repeated using poly 
propylene in place of the low density polyethylene, 
with similar results. 

EXAMPLE 4 

Step A of Example 1 is repeated except that the anti 
oxidant is of the formula 

The resulting product is suitable for incorporation into 
various thermoplastic organic polymers in accordance 
with the present invention. 

. EXAMPLE 5 

The procedure of Example 1, Step A is repeated 
except that, upon adding the optical brightener the 
temperature is raised to about 175°, whereupon the 
brightener becomes homogeneously admixed with the 
stabilizer and anti-oxidant. The temperature is then 
lowered to about 125° ‘C. and the molten mixture is 
spray chiiicd to form substantially spherical particles. 

EXAMPLES 6- 10 

Other typical blends of additives and indicator sub 
stances wbich, depending on the melting characteristics 
of the various components, can be prepared in accor» 
dance with the foregoing teachings and used to produce 
uniformly treated polymers are: 
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EX 
AMPLE COMPONENT FUNCTION % BY 

WT. 

6 Irganox 1010 Antioxidant 99.5 
Leucopure EGM Brightener-Indicator 0.5 

7 Ethyl Antioxidant 330 Antioxidant 49.5 
Sandostab P—-EPQ Stabilizer 49.5 
Leucopure EGM Brightener-Indicator 1.0 

8 Irganox lOlO Antioxidant 33 
Distenryl-thio- Antioxidant 33 
dipropionate 
Sandostab P-—EPQ Stabilizer 33 
Leucopure EGM Brightener-Indicator l 

9 Cyasorb 531 UV Absorber 83 
Sandostab P-EPQ Stabilizer l6 
Uvitex OB Brightener Stabilizer l 

10 Catanac 477 Antistatic Agent 60 
Irganox 1010 Antioxidant 20 
Sandostab P-EPQ Stabilizer l9 
Leucopure EGM Brightener-Indicator 1 

ll Kemamide U Slip Agent 95 
BHT Antioxidant 4 
Leucopure EGM Brightener-Indieator l 

“Sandostab” are “Leucopure” are registered trade 
marks of Sandoz, Inc. “Kemamide” is a registered 
trademark of National Dairy Products Corp. “Cya 
sorb” and “Catanac” are registered trademarks of 
American Cyanamid Co. “Irganox” is a registered 
trademark of Ciba-Geigy Corp. 
What is claimed is: 
l. A composition which is a solid uniform blend con 

sisting of (a) one or more additives for organic poly 
mers, each additive independently being normally solid 
at room temperature and being an anti-oxidant, stabi 
lizer, lubricant, ?ameproo?ng agent, slip agent, anti: 
blocking agent anti-static agent and (b) a compound 
which gives a detectable response to irradiation in the 
presence of said additive(s), said additive(s) and said 
irradiation-responsive compound being in intimate co 
hesive contact with one another. 

2. A composition according to claim 1 wherein com 
ponent (a) is an additive useful for improving the prop 
erties of a thermoplastic organic polymer. 

3. A composition according to claim 1 wherein com 
ponent (b) absorbs ultraviolet light in the range 300 to 
420 nanometers and ?uoresces in the range 400 to 700 
nanometers. 

4. A composition according to claim 2 wherein com 
ponent (b) absorbs ultraviolet light in the range 300 to 
420 nanometers and fluoresces in the range 400 to 790 
nanometers. ’ 

5. A composition according to claim 3 wherein com 
ponent (b) is a compound useful as an optical bright 
ener. 

,6. A composition according to claim 4 wherein com 
ponent (b) is a compound useful as an optical bright 
ener. 

'7. A composition according to claim 5 wherein com 
ponent (b) has a log fluorescent intensity equal to or 
greater than 3 at room temperature and at a concentra 
tion of 1 part per million in a solvent mixture of die 
thylether, isopentane, ethanol and chloroform in a vol 
ume ratio of 75:75:30z20. 

8. A composition according to claim 6 wherein com 
ponent (b) has a log fluorescent intensity equal to or 
greater than 3 at room temperature and at a concentra 
tion of 1 part per million in a solvent mixture of die 
thylether, isopentane, ethanol and chloroform in a voi 
ume ratio of 75:75:30z20. 
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9. A composition according to claim 5 which is in 

particulate form. 
10. A composition according to claim 9 wherein com 

ponent (a) is a combination of an anti-oxidant and a 
_ stabilizer. 

11. A composition according to claim 9 wherein com 
ponent (a) is an anti-oxidant. 
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12. A composition according to claim 9 wherein com 
ponent (a) is a stabilizer. 

13. A composition according to claim 9 wherein com 
ponent (a) is a combination of an antistatic agent, an 
antioxidant and a stabilizer. 

14. A composition according to claim 9 wherein com 
ponent (a) is a combination of a slip agent and an antiox 
idant. 

1k 4 * * k 


